ABSTRACT: Reproductive performance of animals affects lifetime productivity. However, improvement of reproductive traits via direct selection is generally slow due to low heritability. Therefore, identification of indicator traits for reproductive performance may enhance genetic response. Previous studies showed that serum IGF-I concentration is a candidate indicator for growth and reproductive traits. The objective of our study was to estimate the variances or covariances of IGF-I concentration with reproductive traits. Data were collected from a divergent selection experiment for serum IGF-I concentration at the Eastern Agricultural Research Station owned by The Ohio State University. The study included a total of 2,662 calves in the 1989 to 2005 calf crops. Variance or covariance components were estimated for direct and maternal genetic effects, maternal environment effects, environment effects, and phenotypic effects using an animal model in a multiple-trait, derivativefree, restricted maximum likelihood (MTDFREML, Boldman et al., 1995) computer program. Direct additive genetic correlations suggest that selection for greater IGF-I concentration (heritability = 0.50 ± 0.07) could lead to increased conception rate (heritability = 0.11 ± 0.06, r = 0.32, P < 0.001) and calving rate (heritability = 0.13 ± 0.06, r = 0.43, P < 0.001) and decreased age at first calving in heifers (heritability = 0.35 ± 0.20, r = -0.40, P < 0.001).
INTRODUCTION
Reproductive traits usually have low heritabilities. Therefore, direct selection for reproductive traits has generally resulted in slow progress. Studies of factors associated with reproductive performance have been conducted for many years. Notably, the IGF system as an intraovarian regulator of folliculogenesis has been intensively studied in various species. The ovary has long been known as a site of IGF-I expression and binding/response to IGF-I (Adashi, 1998) , and the IGF-I system is involved in antral follicle formation (Wandji et al., 1992) .
Selection experiments on animals further implicated the IGF system in ovarian function. Long-term selection of cattle for ovulation rate and twinning rate by Echternkamp et al. (2004) showed enhanced follicular development and greater blood IGF-I concentrations in selected vs. control cows. These workers also demonstrated positive correlations between IGF-I and twinning rate (P < 0.01), suggesting that IGF-I may increase the sensitivity of the ovary to gonadotropins. Yilmaz et al. (2004) demonstrated a negative correlation between serum IGF-I concentration and age at first calving (additive genetic correlation, r A = -0.14 to approximately -0.23, P = 0.02) but found no relationship with calving rate (P = 0.12). However, the in vivo effects of circulating IGF-I need further exploration.
Our study updated the analysis of Yilmaz (2003) by inserting 1,157 new pregnancy records from years 2001 to 2005 and confirmed his results on the relation-ship between IGF-I and AFC. Also, the effects of selection for IGF-I on conception rate (CR), calving rate (CAR), twinning rate (TW), and days to calving (DC) were analyzed using contrasts and χ 2 tests to determine the selection line differences within seasons.
The objectives of this study were to 1) compute heritabilities and genetic, environmental, and phenotypic correlations among blood serum IGF-I concentration, CR, CAR, AFC, TW, and DC and 2) compare line differences in means for these traits.
MATERIALS AND METHODS
Procedures involving use of animals were approved by the Institutional Animal Care and Use Committee of The Ohio State University.
Description of Traits
Serum IGF-I concentration measurements at d 28, 42, and 56 of the postweaning period are abbreviated as IGF28, IGF42, and IGF56, respectively. The average of these 3 measurements is abbreviated as MEANIGF. Age at first calving was the age in days when a heifer gave birth to her first calf. Twinning rate was the number of twin sets born, given the number of pregnant females. Conception rate corresponded to whether a palpable fetus was present or a calf was born, given the cow or heifer was mated. The CR was calculated using the total number of palpable fetuses or calves born divided by the total number of matings for the heifers and cows. All born or unborn calves in each mating were created and assigned an identification (ID), with "conception" coded as either 1 for palpable or 0 for open (i.e., not palpable). In the correlation and heritability analyses in multiple-trait, derivative-free, restricted maximum likelihood (MTDFREML; Boldman et al., 1995, http ://aipl.arsusda.gov/curtvt/mtdfreml.html), estimates of CR were approximate, given the CR was treated as a continuous variable (Yilmaz et al., 2004) . The same situation was true for CAR, which was defined as whether a calf was born, given the cow or heifer was mated. Days to calving was the difference in days between the earliest calving date in the herd within line for a given year and season and the date when a given female gave birth.
Selection and Mating Procedures
Divergent selection for blood serum IGF-I concentration began at the Eastern Agricultural Research Station (EARS) in 1989 using 100 spring-calving (50 high line and 50 low line; calves in the high line were selected for high serum IGF-I concentration and calves in the low line were selected for low serum IGF-I concentration) and in 1990 using 100 fall-calving (50 high line and 50 low line) purebred Angus cows with unknown IGF-I concentration. Cows from the initial base population were randomly assigned to the 2 IGF-I selection lines in each season (spring and fall). Each year, cows from each of the 4 groups (spring high IGF-I line, spring low IGF-I line, fall high IGF-I line, and fall low IGF-I line) were mated only within their respective groups. Four bulls with greatest IGF-I concentrations and 4 bulls with lowest concentrations were selected for breeding as yearlings and were then sold after the 60-d breeding season. The male:female ratio was approximately 1:13 for each breeding season, with the fluctuation due to death or animal deficiency at that moment. Approximately 8 cows from each line were culled each year (based on physical unsoundness, failure to conceive in 2 consecutive years, and oldest age) and replaced with approximately 8 pregnant heifers with the greatest or lowest residuals (adjusted for age of calf and age of dam) for serum IGF-I concentration. Selection was based on the mean IGF-I concentration of 3 blood samples taken at d 28, 42, and 56 of the 140-d postweaning test (Davis et al., 1995; Davis and Simmen, 1997; Yilmaz et al., 2004) .
Before 2002, mating was by natural service except that some AI was used from the spring 1991 to fall 1994 breeding seasons to create links between the EARS herd and other herds contributing to North Central Regional Project NC-196, "The Genetics of Body Composition in Beef Cattle." During those years approximately 10 cows per selection line were randomly chosen and artificially inseminated in each breeding season using semen from an Angus reference sire. Starting from year 2002 all matings were by AI using semen collected from bulls within the respective selection lines instead of by natural service. Various estrous synchronization protocols were performed during 2002 to 2005, as new and improved protocols were developed. The synchronization protocols were randomized across selection lines such that, if there were 2 protocols, half of the cows and heifers in each line received each protocol. A combination of timed AI and estrus AI was used.
Before 2002, breeding soundness exams were performed on all bulls by Ohio State veterinarians at 12 to 14 mo of age (Yilmaz et al., 1999) . Only those bulls that passed the exams were turned in with cows and heifers for natural mating. Beginning in 2002, only those bulls that were chosen as candidates for semen collection and AI were subjected to breeding soundness exams. Semen was collected and stored only on bulls that passed the exam and from which viable semen could be frozen. Two rounds of AI were performed and then Simmental clean-up bulls were turned in with the cows and heifers. Clean-up bulls were turned in 14 d after the first estrus. If the cows or heifers returned to estrus, they were bred by AI a second time. Clean-up bulls were turned in with the cows and heifers 4 d after the return to estrus.
Matings of relatives such as brothers and sisters, parents and offspring, and offspring and their grandparents were avoided to decrease inbreeding. The average inbreeding coefficient among all animals born from 1989 to 2003 in the high and low lines was 0.03 and 0.04, respectively. Therefore, little difference in inbreeding levels existed between the 2 lines.
In 1990, excess heifers were available at the end of the spring breeding season and additional heifers were needed for the fall breeding season in the high and low IGF-I selection lines. Therefore, pregnant heifers were aborted and transferred from the spring-to fall-breeding herds without changing their IGF-I selection lines. The number of heifers transferred from the spring to fall herds in the high and low IGF-I lines were 10 and 7, respectively. These heifers that were transferred from the spring-to the fall-calving herd were approximately 2.5 yr old and, hence, were excluded from the age at first calving analysis but were kept for the CR and CAR analyses.
All information presented here concerning the selection and mating procedures was taken from Davis et al. (1995) and Davis and Simmen (1997) .
Management Procedures
Spring-born calves were reared by their dams without creep feed until weaning at approximately 7 mo of age. After weaning, bull calves were given ad libitum access to a corn-soybean meal based diet and grass hay. Heifers born before 1994 were given ad libitum access to nonprotein nitrogen (feed grade urea)-treated corn silage and grass hay at the North Appalachian Experimental Watershed (NAEW), Coshocton, OH. Heifers born from 1994 onward were fed a corn-soybean meal diet at EARS to obtain postweaning gains of 0.75kg/d. After an approximately 3-wk adjustment period after weaning, the postweaning test began, and the first day of test was considered as d 0 or on-test date.
Fall-born calves were weaned at a mean age of 140 d and then fed a growing diet consisting of corn-soybean meal and grass hay in drylot for 112 d. The postweaning test began thereafter. Bull calves remained at EARS for the postweaning test with the same management as spring-born bulls. Heifers born in fall 1993 or earlier were transported to the NAEW and managed in the same manner as springborn heifers whereas heifers born after 1993 remained at EARS during the postweaning period (Bishop et al., 1989; Davis et al., 1995; Davis and Simmen, 1997) .
The first mating of heifers was intended to occur at a date after all heifers reached puberty, so that age at puberty could be excluded as a confounding factor. According to a progesterone test conducted in 1997 (Yilmaz, 2003) , the age at puberty for heifers ranged from 320 to 398 d, with a mean of 356 d. The mean age at first mating across all years was approximately 450 d. Therefore, most of the heifers should have reached puberty before they were mated for the first time.
Data Collection
Data from years 1989 to 2003 were used in this study (Davis and Simmen, 1997; Davis and Simmen, 2000; Davis et al., 2003; Davis and Simmen, 2006) 
Serum Samples and Radioimmunoassay
Approximately 25 mL of blood was collected into sterile glass tubes at d 28, 42, and 56 of the postweaning test, allowed to clot for 24 h at 4°C, and centrifuged at 1,800 × g for 20 min at room temperature. Serum was drawn off and frozen at -20°C until it was assayed. The RIA for IGF-I was performed in the laboratory of R.C.M. Simmen at the University of Florida using antiserum raised against human IGF-I in rabbits (UBK487), using previously described procedures (Bishop et al., 1989) . The number of observations for IGF28, IGF42, IGF56, and MEANIGF differed because IGF42 was not measured in calves born in 1989 and a few of the blood samples were lost during the experimental procedures. In addition, the IGF-I measurements for d 28, 42, and 56 were unavailable for heifers born in spring 1990 owing to a freezer malfunction.
Pregnancy Diagnosis
Pregnancy diagnosis was conducted by either ultrasound or rectal palpation. Ultrasound was used 30 to 35 d after the first AI and was performed periodically thereafter to provide evidence whether a given calf was sired by the AI bull or clean-up bull. No paternity testing was performed. Palpation via the rectum was performed approximately 60 d after the end of the breeding season. Conception rate was based on the pregnancy diagnosis records. Females conceiving to the clean-up bulls that were used after the conclusion of the AI breeding season were considered to be nonpregnant for purposes of the data analysis, because the clean-up bulls were of a different breed and were not selected for IGF-I concentration. Pregnancy records for females that were mated to AI reference sires in 1991 to 1994 were also deleted from the analysis.
Statistical Analysis
The Statistical Analysis System (SAS Inst. Inc., Cary, NC) was used for tests of significance of fixed effects and covariates in the single-variate model. PROC MIXED was used for the normally distributed traits IGF28, IGF42, IGF56, MEANIGF, AFC, and DC. PROC GLIMMIX was used for the binomially distributed traits CR, CAR, and TW. Although in SAS 9.3 PROC HPMIX is able to create inverse of numerator relationship matrix (A -1 ) for pedigree analysis, in SAS 9.2 this function is not complete; therefore, only simpler functions were used. A P-value of 0.05 was used as the criterion for significance. Except for IGF-I line and season of birth, all other effects, including birth year, on-test age of calf, age of dam, sex, and mating number, that were nonsignificant were removed from the models. The variable "mating number" was created to track the sequence of matings for a female. On-test age of calf was used as a linear covariate for all traits except CR, CAR, and DC, which were repeated traits. Age of dam was grouped into 6 categories: 2 yr old, 3 yr old, 4 yr old, 5 to 9 yr old, 10 yr old, and 11 yr old and greater, according to the Beef Improvement Federation Guidelines (Cundiff et al., 2010) . Sex was deleted from the models when female reproductive data were analyzed.
The MTDFREML programs were used for single-and bivariate analyses to estimate variance and covariance components. All of the traits were first analyzed using full animal models with significant fixed effects and random effects including additive and maternal genetic, environment, permanent environment, and phenotypic components but were simplified for bivariate analyses if models without permanent environment effects for either dam or female calves had smaller logL or larger -2logL in likelihood ratio tests. Final results also include heritabilities of all traits addressed in the above section, genetic, environmental, and phenotypic correlations between traits, and correlations between direct and maternal genetic effects within traits.
Although CR and CAR are binary variables, MTD-FREML can only treat them as continuous variables . When analyzing the correlations between these 2 traits and other nonrepeated traits, the nonrepeated traits only kept the records in the first mating, and left the other records of the same female as -99.
Pedigrees of base population animals were traced back 3 generations to create the numerator relationship matrix. The total number of animals in the numerator relationship matrix, including base animals, was 4,142, of which 1,757 were inbred. The average inbreeding coefficient was 0.04.
In all analyses, it was assumed that convergence was attained if the variance of the simplex algorithm was less than 10 -9 , and -2log likelihood did not change between the last 2 computer runs at the second decimal digit.
RESULTS AND DISCUSSION

Statistical Summary of Data
Simple statistics for the traits analyzed in this study are summarized in Table 1 . The total number of live animals in the raw data was 2,662. Including animals in the pedigree without records, the total number of animals was 4,142. Mean values for IGF28, IGF42, IGF56, and MEANIGF were slightly greater than those of Davis and Simmen (2010) using data from the same study, due to the unavailability of the records from 1990. The mean AFC of 733 d agrees well with the value of 731.8 d in Yilmaz et al. (2004) . To count the CR and CAR, unborn or dead-after-birth calves were created. Therefore, the numbers of calves for CR and CAR were more than 2,662. The CR and CAR were less than the typical value of 85% found in the beef industry (Smith et al., 2012) , because clean-up bulls and reference sires were not members of the selection lines, and, therefore, females conceiving to these bulls were considered nonpregnant in CR and CAR analyses. The mean CAR of 69.2% was lower than in Yilmaz et al. (2004) based on data collected up to 2001 (77.3%). Twinning rate across all years was only 0.41%, because only 11 twin sets were found in the data. There were additional grafted twins; however, the parents of these twins could not be traced in the dataset.
Data Analysis for Normally Distributed Traits
All continuous variates were approximately normally distributed based on normal-quantile plots and, therefore, did not require transformation.
Effects of line on IGF28, IGF42, IGF56, and MEANIGF were significant ( Table 2 ), indicating that selection was successful. The high vs. low line differences for mean values of IGF28, IGF42, IGF56, and 2 Calving rate (CAR) was entered as either 1 (if calved) or 100 (if did not calve). In this study, 69.20% of the matings resulted in a calf. Similarly, conception rate (CR) was entered as either 1 (if conceived) or 100 (if did not conceive), and in this study 74.66% of the matings resulted in a palpable fetus. Missing values were excluded from the study.
MEANIGF were 61.83, 62.84, 56.05, and 50.03 ng/mL, respectively (P < 0.01), across years (Table 3 ). The significant line difference in the last year of selection also proved the success of selection (Table 4) . Only IGF28 was affected by season, but IGF28, IGF42, and MEAN-IGF demonstrated a line × season interaction. The levels of significance for season, age of dam, and on-test ages of calves were not all the same as in the study of Yilmaz et al. (2004) , due to the larger sample size resulting from the addition of data from 2002 and 2003.
In the initial year of 1989, all traits were similar in the 2 lines (Table 4 ). In 2003, only IGF-I concentrations (Table 4 ) showed significant differences between lines. However, line differences across years (Table 3) showed that high line calves had 5 fewer twin sets, 4.02 d earlier AFC, and 2.35 d shorter DC (P < 0.01).
Birth year was a significant source of variation for all traits except TW (Table 5) , and sex was significant for all measures of IGF-I concentration. All traits except MEANIGF were related to on-test age.
Binomial Analysis of Conception and Calving Rate
Under the PROC GLIMMIX procedure of SAS, the only significant fixed effects for CR of all females were birth year and age of dam (Table 6 ). Line and line × season interaction were not significant. Cows had greater conception (cow vs. heifer = 76.07 vs. 71.2%; P < 0.05) and calving (cow vs. heifer = 79.34 vs. 56.8%; P < 0.0001) rates than heifers, which might have been due to greater BW, greater hip height and pelvic size, and more mature hormone regulation in cows. Cows that did not calve for 2 consecutive years were culled for economic reasons, which may have introduced bias; therefore, data from heifers and cows were analyzed separately. Line and season had significant effects on CR of heifers but not of cows (Table 6) . A frequency test, however, indicated that high line females had 2.67% greater CR than low line females under Fisher's exact sided test (P = 0.05; Table 7 ) although under a χ 2 test the P-value was 0.09. The difference between the χ 2 test and Fisher's exact sided test is that the χ 2 test requires the frequency in each cell be at least 5, and its P-value is usually larger than in the Fisher's exact test. The small P-value compared with that found in the mixed model analysis probably was due to differences between the methods of analysis, considering there are no fixed or covariate effects in the χ 2 test. Also, this difference can be attributed to the line difference in the spring but not fall, because a significant line difference was not detected in the fall (Fisher's exact sided test P = 0.4).
Heifers had greater CR in the high line than in the low line in the fall herd (line difference = 9.12%; P < 0.04) and also across seasons (line difference = 6.02%; χ 2 P = 0.05; Fisher's exact sided test P < 0.03). In the spring herd this difference was not significant. The pattern for cows was complicated. In the spring herd, cows in the high line had 5.43% greater CR than low line cows (χ 2 P = 0.03; Fisher's exact sided test P = 0.02). However, in the fall, low line cows had 3.74% greater CR (Fisher's exact sided test P = 0.05).
Selection line affected CAR of all females (P = 0.06; Table 6 ). No difference was found between spring and fall CAR, but a line × season interaction occurred (P = 0.09; Table 6 ). Both season and line affected heifer CAR. Line did not affect CAR of cows, but a line × season interaction was observed. Mating number influenced CAR of cows. Age of dam affected CR and CAR of all females but not of cows, implying a maternal effect in the younger females, which was reduced as the females aged.
The χ 2 test results (Table 8) were consistent with the PROC GLIMMIX results (data not shown) in that high line females had a 4.04% greater CAR than low line females. The line difference in heifers was 7.23%, and in both seasons high line heifers showed greater CAR than low line heifers. In the seasonal comparison, springcalving heifers also had a greater CAR than fall-calving heifers. However, the seasonal pattern in cows was opposite to that of heifers in that spring-calving cows had a 3.83% lower CAR, and in the fall the high line cows also had a 2.98% lower CAR. This pattern is in accordance with the results for CR. This conflicting pattern for cows in fall and spring is difficult to explain. Santolaria et al. (2012) found that Holstein-Friesian dairy cows inseminated in a cool season had greater CAR than those inseminated in a warm season (likelihood ratio difference = 0.49, P < 0.001), providing evidence for the influence of season on the fertility of cows. King and Macleod (1984) also indicated that fall-calving Hereford and Hereford × Holstein cows had better reproductive performance (P < 0.01). In our study, fall-calving cows also had a greater CAR than spring-calving cows (spring vs. fall = 70.45 vs. 74.27%; Fisher's exact sided test P = 0.03). This result may have been caused by lower temperature in winter than in summer. In addition, supplementary feeding of high energy nutrients may offset the small differences in conception and CAR between cows and heifers and between spring-calving cows and heifers (Butler, 2000) . 
Analysis of Calving Distribution by 21-Day Period of Calving Season
The calving distribution has a certain pattern by date of the calving season. Considering that date of calving is related to date of mating and the latter is affected by the estrous cycle, which is 21 d in length in beef cattle, the calving season was divided into five 21-d periods. The CAR in high vs. low line females differed in the first 21-d period (37.26 vs. 33.1%; P < 0.001). In later periods the number of calves born in both lines decreased rapidly. The number of calves born to high line females decreased more rapidly than in low line females, but this difference was nonsignificant (Fig. 1) . In the spring herd, the first 21-d period had a significant line difference in CAR ( Fig. 2 ; high vs. low line = 38.22 vs. 29.63%; P < 0.001). In the fall herd, the line difference across periods was significant (Fisher's exact sided test P = 0.04) but in single 21-d periods was not. The first 21-d period showed an opposite pattern from that observed in the spring-calving herd in that high line females calved at a 2.07% lesser rate than low line females although the difference was not significant. Cows and heifers also had different calving patterns. Cows had a greater CAR than heifers (72.08 vs. 60.54%; P < 0.0001). Dystocia in heifers due to small size may be one of the reasons for this result (Patterson et al., 1992) . Heifers in the spring herd had a significant line difference in the first 21-d period but not in other periods (Fig. 3) . In the fall herd a difference occurred in the second 21-d period. Cows in the spring herd showed significant line differences in the first and second 21-d periods, but for cows calving in the fall none of the periods had significant line differences (Fig. 4) . High line CAR after the second period in both seasons of heifers and cows dropped more drastically than in the low line, indicating that a greater proportion of calving occurred in the first 21-d period in high line heifers compared with low line heifers.
Variance or Covariance Analysis using Single-Variate Model in MTDFREML
Presented in Tables 9 and 10 are the estimates of direct (h 2 d ) and maternal (h 2 m ) heritability, the proportion of phenotypic variance due to permanent environmental effect of the dam (c 2 ) and female calves (c′ 2 ), and the correlation between direct and maternal genetic effects (r am ). The sample size for TW was very small (11 twin sets out of 2,662 calvings). Therefore, TW was not analyzed further. Estimates of h 2 m were small (≤0.21) for all traits. Estimates of c 2 and c′ 2 were close to 0 (<0.01) for all traits except that the estimate of c 2 for AFC was 0.46. These results agree well with those of Yilmaz et al. (2004) except that c 2 for AFC in their study was 0.28. The very small estimates of c 2 and c′ 2 may have been due to the proportion of cows culled in each year (approximately 8 out of 50 cows in each selection line), so that the small number of offspring per cow did not allow separation of c 2 and c′ 2 from the environmental effects. ers from the spring-calving herd to the fall-calving herd in 1990, AFC values greater than 951 d were outliers and were deleted from the current analysis. Some heifers failed to calve in the first year that they were mated but conceived in the second year, and these data were used to determine their AFC. Before deleting the outliers, the estimate of h 2 d was 0.03, still different from the value of 1 reported by Yilmaz et al. (2004) . The estimate of c 2 was less than 0.01, which was different from the estimate of 0.77 in Yilmaz et al. (2004) , but c′ 2 equaled 0.46. The large c′ 2 for AFC occurred because all heifers within the selection lines were included in the A -1 matrix for the covariance, and the average number of offspring (>2) per heifer throughout the years allowed for separation of c′ 2 from the residual (environmental variance).
For DC, the small h 2 d of 0.06 ± 0.05 agrees with the estimates of Forni and Albuquerque (2005) of 0.04 to approximately 0.06 although their DC reflected days from mating to calving. This low heritability is probably due to 2 reasons. First, DC only varied from 1 to 92 (the true values ranged from 0 to 91, but because 0 is an invalid value in MTDFREML, 1 was added to each value). Second, number of days from mating to calving is a more meaningful trait than number of days from the beginning of the calving season to calving with fewer confounding factors. However, in this study most of the matings were by natural service; therefore, accurate records for date of mating were unavailable. In addition, 09, 25.76, 7.79, 1.43, and 0.16%; low line: 38.14, 22.35, 8.71, 0.76, and 0.19%. x,y Significant difference between each pair of percentages (P < 0.001). 89, 21.81, 5.85, 2.13, and 0%; low line: 27.13, 22.34, 9.04, 2.66 , and 1.06%. b) High vs. low line calving rate in fall was 62.43 vs. 50.00% (P = 0.02). Calving rate in 5 intervals: high line: 26.28, 22, 7.05, 1.92, and 0.64%; low line: 26.03, 15.75, 7.53, 0.68, and 0%. x,y Significant difference between each pair of percentages (P < 0.05). variation in gestation length was unaccounted for and only contributed to the residual variance (environmental effects) in the model, leaving very little genetic variation for DC. The small h 2 d of 0.06 may imply that DC is not a good indicator of reproductive performance, considering that DC is a combination of date of successful mating and gestation length.
Estimates of h 2 d for CR and CAR were small, ranging from 0.04 to 0.23 (Table 10 ). The estimate of 0.13 ± 0.06 for CAR agrees well with that of 0.11 ± 0.05 in Yilmaz et al. (2004) . The h 2 d for heifer CR was the largest of all estimates involving CR and CAR whereas the estimate of h 2 d for cow CR was less than 0.10. The difference in cow vs. heifer estimates may have been due to the fact that cows were culled after 2 consecutive yr of failure to conceive, which could have caused reduction in the genetic variance for CR and CAR. Also, cows may be affected more by environmental effects such as nutrition, disease, and management than are heifers. Estimates of h 2 m and c 2 were less than 0.10. The h 2 m of cows was even less than for heifers, indicating that the maternal genetic effects decreased when heifers grew to adulthood. This could also be explained by the exclusion of age of dam from the models for CR and CAR of cows. The estimate of r am was close to -1 for all females and for cows, indicating that separation of maternal genetic variances from direct genetic variances was probably incomplete. However, Yilmaz et al. (2004) also reported very large estimates of r am (-0.94) for CR. The estimates of c′ 2 for all females and for cows were small but were moderate for heifers.
In summary, MEANIGF was highly heritable, and IGF28, IGF42, IGF56, and AFC were moderately heritable. Heritabilities of DC, CR, and CAR were low, as might be expected for reproductive traits.
Direct genetic (r A1A2 ), maternal genetic (r M1M2 ), phenotypic (r P1P2 ), and environmental (r E1E2 ) correlations of IGF-I concentration with reproductive traits are shown in Tables 11 and 12 . The estimate of r A1A2 for AFC was -0.4 in the full model, smaller than that for r A1A2 reported by Yilmaz et al. (2004) , who used a reduced model without maternal variances, indicating that selection on serum IGF-I concentration could lead to earlier AFC. The estimate of r P1P2 was smaller than that of r A1A2 , probably due to the negative r E1E2 , as a negative environmental correlation always implies a smaller phenotypic correlation than genetic correlation (Searle, 1961) . The estimate of r A1A2 for DC and MEANIGF was -0.08. Considering that the heritability of DC was also low, selection on IGF-I may be ineffective if the goal is to improve DC.
Estimates of r A1A2 of IGF-I with CR and CAR were moderate, ranging from 0.28 to 0.43. The r A1A2 of 0.43 between CAR and IGF-I of all females agrees with the value of -0.41 in Yilmaz et al. (2004) . The negative value from his study was due to the fact that conception was coded as 1 and open was coded 100. In the current study, the signs of the correlations were converted to make the values accord with practical meaning. The estimate of r A1A2 for CR and MEANIGF was smaller than that for CAR and MEANIGF, probably due to the impacts of IGF-I on embryo development, such as cell proliferation, differentiation, and apoptosis. The r A1A2 was larger in heifers than in cows for CAR and MEAN- (2011) also showed that metritis in early lactation had long-term effects on multiparous dairy cows but not primiparous cows. However, the difference between heifers and cows in our study needs to be confirmed], and 4) changes in steroid hormones that play major roles in reproductive functions and other physiological factors in cows could have different patterns from changes in IGF-I with age [Malhi et al. (2005) demonstrated that 13-to 14-yr-old crossbred Hereford cows had greater FSH concentrations (P = 0.009) and fewer 4-to 5-mm follicles (P = 0.04) during follicular waves than their daughters (1 to 4 yr old). Also, plasma estradiol concentrations were greater (P = 0.01) in old cows than in heifers whereas LH was not different (P = 0.40), but ovulatory follicles in 2-wave cycles were smaller in old cows (P = 0.04).
The pattern and mechanism could be complicated, but decreased circulating IGF-I is not necessarily related to decreased reproductivity.].
Estimates of r M1M2 were somewhat larger than estimates of r A1A2 , indicating that CR and CAR are strongly influenced by maternal effects. The estimates of r E1E2 were close to 0, except between CR of cows and MEAN-IGF, implying common environmental effects on both serum IGF-I concentration and CAR of cows. The r P1P2 were generally smaller than the genetic correlations. Searle (1961) demonstrated that a phenotypic correlation less than its genetic counterpart, together with a small positive environmental correlation, will occur where the genes governing 2 traits are similar but where the environments pertaining to the expression of these traits have a low correlation. Therefore, serum IGF-I concentration may share genes with CR and CAR. These genes could be hormone or hormone regulation genes.
In summary, increased postweaning serum IGF-I concentration was genetically related to early calving, increased CR, and greater CAR of Angus females. The genetic effects of IGF-I on CR and CAR were larger in heifers than in cows. Differences between seasons implied the influence of environmental effects such as nutrition level, temperature, and date of weaning. Results from this study indicate that including serum IGF-I concentration in selection programs that aim to improve female reproductive traits may increase rate of genetic gain. Our blood samples were analyzed by Rivalea Property Ltd., Australia, at a cost of less than US$10 per sample. Therefore, evaluation of serum IGF-I concentration may be economical and beneficial in terms of improving reproductive performance of beef cows and heifers.
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